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The present invention relates to gear change mechanisms and more particularly to 
such mechanisms employing dog clutches. Mechanisms according to the invention 
5 may be found useful in a variety of vehicular applications or in other machinery where 
a simple, robust and compact gearbox is required, one particular application being for 
a battle tank, bulldozer or other skid steered vehicle equipped with a drive 
configuration as described in WO-02/083483. 

1 0 Constant-mesh gearboxes commonly employ dog clutches in the selection of 

different gear ratios. In a typical arrangement a gear selector hub is splined on an 
output shaft with freedom to slide axially along the shaft but so that the shaft must 
always rotate with the selector hub. Gears driven by the engine or other prime 
mover at different ratios are located coaxially to either side of the selector hub. The 

1 5 confronting faces of the selector hub and gears are formed with complementary axial 
projections and/or indentations (dogs) so that when the hub is slid, by an associated 
operating mechanism, in either direction from a central neutral position towards one 
of the gears, the respective dogs on the hub and gear will engage to transmit torque 
to the hub and output shaft from the selected gear at its respective ratio. This is a 

20 simple, robust and effective mechanism but necessarily occupies significant space in 
the axial direction due to the spacing of the gears, the provision of the dogs at 
opposite ends of the selector hub and the room required for the selector hub to 
. shuttle between the gears. 

25 The present invention seeks to provide a gear change mechanism operating on the 
dog clutch principle but which can be more compact than conventional such 
mechanisms at least in the axial direction. 

In one aspect the invention accordingly resides in a gear change mechanism 
30 comprising: a rotary input member and a rotary output member; a planetary gear set 
comprising a sun gear, a set of planet gears meshing with the sun gear and borne by 
a common planet carrier, and an annulus meshing with the planet gears; and a gear 
selector member arranged to turn with one of said input member and output member 
and borne for axial movement relative to the planetary gear set; a first of said sun 
35 gear, planet carrier and annulus being arranged to turn with the other of said input 
member and output member, and a second of said sun gear, planet carrier and 
annulus being held non-rotatably; the gear selector member comprising first and 
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second sets of dogs spaced radially relative to each other; said first and the third of 
said sun gear, planet carrier and annulus being arranged to turn with third and fourth 
sets of dogs respectively which are adapted to engage with said first or said second 
set of dogs respectively when the gear selector member is moved to a respective 
5 axial position; the torque-transmission contact faces of the dogs in each of said sets 
having a greater radial than axial dimension, and the circumferential widths of the 
dogs in each of said sets being less than the circumferential spacing of the dogs in 
the respective set with which they are adapted to engage. 

10 By virtue of the provision of a planetary gear set to provide a change of gear ratio 
(and/or direction) in a mechanism according to the invention, and the consequent 
radial spacing of the corresponding sets of dogs, an axially compact unit can be 
achieved. The axial space requirement of the mechanism is further minimised by 
the above-defined form of the torque-transmission contact faces of the dogs without 

1 5 detriment to the torque-transmission capacity of the dogs, and the above-defined 
spacing of the dogs facilitates their engagement without requiring accurate speed 
synchronisation between the respective components, all as will be more particularly 
described hereinafter. 

20 In another aspect the invention resides in a drive configuration for a skid steered 
vehicle comprising a respective drive member at each side of the vehicle; at least 
one propulsion motor coupled to turn said drive members and coupled through a 
controlled differential device to a steer motor; and a.respective gear change 
mechanism as defined above in the transmission between said propulsion motor(s) 

25 and each said drive member. 

These and other aspects and features of the invention will now be more particularly 
described, by way of example, with reference to the accompanying drawings, in 
which:- 

30 

Figure 1 is a diagrammatic illustration of a drive configuration for a skid steered 
vehicle to which the invention may be applied; 

Figure 2 is an axial cross-section through a preferred embodiment of g gear change 
35 mechanism according to the invention, in a neutral condition; 
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Figure 3 is a three-quarter view, from one side, of the dog rings and gear selector 
hub comprised in the mechanism of Figure 2; 

Figure 4 is a three-quarter view of the components of Figure 3 from the opposite 
5 side; 

Figure 5 is an axial cross-section through the mechanism of Figure 2 in a low gear 
condition; and 

10 Figure 6 is an axial cross-section through the mechanism of Figure 2 in a high gear 
condition. 

Figure 1 illustrates diagrammatically one form of drive configuration with which gear 
change mechanisms in accordance with the present invention may be found 
1 5 particularly useful, being a track drive arrangement for a skid steered vehicle 
according to WO-02/083483. It is to be understood, however, that the present 
mechanisms are more generally applicable to gear change functions in vehicles or 
other machinery, particularly where an axially compact mechanism is required. 

20 In Figure 1 a transverse drive arrangement comprises two electric propulsion motors 
1a and 1 b turning drive shafts 2a and 2b. Outboard of the motors the transmission 
includes in each case a gear change unit 3a, 3b brake 4a, 4b and final drive gear 
reduction 5a, 5b, all encased within the vehicle hull, leading to respective track drive 
sprockets 6a and 6b at opposite sides of the vehicle. Inboard the motor shafts 2a 

25 and 2b are coupled to a controlled differential 7 driven by an electric steer motor 8, all 
as described in WO-02/083483 the contents of which are hereby incorporated by 
reference. 

Figure 2 illustrates an embodiment of a mechanism according to the invention for 
30 changing the gear ratio in transmission of rotation from an input shaft 2 to an output 
shaft 9. In the context of Figure 1, therefore, a mechanism of this kind would be 
used in the units 3a and 3b on opposite sides of the vehicle (configured in mirror 
image) between the respective drive shaft 2a, 2b and output shaft 9a, 9b. 

35 . In Figure 2 there is a hollow input shaft 2 which surrounds over part of its length the 
output shaft 9. The end of the shaft 2 is formed as a sun gear 10 of a planetary gear 
set which meshes as at 1 1 with a plurality (four in this embodiment) of planet gears 
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1 2. The planet gears 1 2 are borne by needle roller bearings 1 3 for rotation about 
respective pins 14 held in a common planet carrier 1 5. The planet gears 1 2 also 
mesh as at 16 with an annulus or ring gear 17 which is held non-rotatably by splines . 
18 in a fixed casing (not shown). As will be appreciated, rotation of the input shaft 2 
5 and sun gear 1 0 causes the planet gears 12 to revolve about the sun gear (by virtue 
of the fixed annulus 17) thus causing the planet carrier 15 to rotate in the same 
sense as, but slower than, the input shaft and sun gear; in this embodiment the 
speed reduction ratio is typically 4:1. 

1 0 Figure 2 illustrates the mechanism in a neutral condition in which the planetary gear 
set merely idles as the input shaft 2 is turned. In order to transmit rotation to the 
output shaft 9 at a selected one of two gear ratios, however, a gear selector hub 19 is 
mounted by splines 20 to the output shaft so that the hub and shaft must turn 
together but the hub is able to slide axially on the shaft in either sense of direction 

15 from the position illustrated in Figure 2. With reference also to figures 3 and 4 the 
selector hub 19 has a disc-like annular flange portion 21 which is formed on its 
opposite sides with two sets of dogs: on the left hand (as viewed) side there are 
alternating axial projections (dogs) 22 and indentations 23 and on the right hand (as 
viewed) side there are alternating projections (dogs) 24 and indentations 25, the 

20 dogs 24 being disposed at a lesser radius from the axis of the hub than the dogs 22. 

With further reference to Figures 2 to 4 a dog ring 26 is mounted by splines 27 to the 
planet carrier 15 and retained by a spiral retaining ring 28. On its right hand (as 
viewed) side the ring 26 is formed with a set of dogs defined by alternating axial 

25 projections 29 and indentations 30. A second dog ring 31 is mounted by splines 32 
to the sun gear 10 and retained by a spiral retaining ring 33. On its left hand (as 
viewed) side the ring 31 is formed with a set of dogs defined by alternating axial 
projections 34 and indentations 35. The splines 32 of the ring 31 are shown as 
helically cut in Figures 3 and 4, as they engage with cut-down portions of helically-cut 

30 gear teeth at the end of the sun gear. 

To engage either low or high gear ratio the selector hub 19 is shifted either to the left 
or right (as viewed) on the shaft 9 from the position illustrated in Figure 2. For this 
purpose an appropriate actuating mechanism is provided terminating in a selector 
35 fork (not shown) which engages in an annular groove 36 in the hub. Figure 5 
illustrates the engagement of low gear ratio. As the selector hub 19 moves to the 
left (as viewed) its dogs 22 are forced into the indentations 30 of the dog ring 26 and, 
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after a small degree of relative angular movement to take up the circumferential 
clearance between the respective sets of dogs, the flanks of the dogs 22 are abutted 
by the flanks of the dogs 29 to transmit torque to the shaft 9 at the speed of the 
planet carrier 15 (i.e. reduced by the above mentioned ratio of 4:1 from the input 
5 shaft 2). Figure 6 illustrates the engagement of high gear ratio. As the selector hub 
19 moves to the right (as viewed) its dogs 24 are forced into the indentations 35 of 
the dog ring 31 and, after a small degree of relative angular movement, to take up 
the circumferential clearance between the respective sets of dogs, the flanks of the 
dogs 24 are abutted by the flanks of the dogs 34 to transmit torque to the shaft 9 at 
1 0 the speed of the sun gear 1 0 (i.e. at a 1 : 1 ratio to the input shaft 2). 

In any shifting between low and high gears the selector hub 19 passes through the 
neutral condition of Figure 2. A ball 36 biased by a spring 37 in a radial bore of the 
shaft 9 engages in a respective one of three corresponding recesses (not shown) in 

15 the selector hub 19 to provide a detent action in its neutral, low or high gear position 
as the case may be. When used in a drive arrangement as illustrated in Figure 1 , 
whenever the selector hub 19 is shifted to disengage a gear the propulsion motors 1a 
and 1 b are momentarily de-energised to relieve the applied torque and when shifted 
to engage a gear their speed will be approximately adjusted to facilitate entry of the 

20 respective dogs 22 or 24 into the corresponding indentations 30 or 35. However, the 
form and spacing of the respective sets of dogs 22/29 and 24/34 are such that 
accurate speed synchronisation between the respective rotating components is not 
required in order to engage a gear and in the illustrated embodiment a speed 
difference of typically +/- 200 rpm between the rings 26 or 31 and the hub 19 can be 

25 tolerated. In this respect it will be seen that the circumferential widths of the dogs . 
22, 24, 29 and 34 in each set are considerably less than the circumferential spacing 
of the dogs in the respective set with which they are intended to engage as 
represented by the corresponding indentations 30, 35, 23 and 25. This means that 
when the corresponding indentations are "found" as the selector hub 19 is forced 

30 against the dog ring 26 or 31 there is time for sufficient further axial movement of the 
hub to fully engage the respective dogs notwithstanding the rotational speed 
difference between the components. The flat axially-confronting faces of the dog 
sets also facilitate slipping between the components until the indentations are "found" 
if the dogs and indentations are not in register on initial contact. 

35 

It will be appreciated that in the illustrated mechanism the two elements which 
transmit rotation to the shaft 9 in selected gear ratios - namely the sun gear 10 and 
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planet carrier 15 - are spaced from each other essentially in the radial rather than 
axial direction, and the two sets of mating dogs represented by the projections 34 
and 29 on the sun gear and planet carrier and the projections 24 and 22 on the 
selector hub 19 are likewise radially spaced. This leads to a mechanism which is 
5 substantially more compact in the axial direction in comparison with a conventional 
dog clutch gear change mechanism where dogs are provided at opposite ends of a 
selector hub for engagement with axially spaced gears. The flanks of the dogs 22, 
24, 29 and 34 have a grater radial than axial dimension which further minimises the 
axial space requirement while maintaining a sufficient contact area between the 

10 flanks of respective dog sets for torque transmission between them, and these flanks 
will have an involute profile to maintain face-to-face contact notwithstanding a 
generous tolerance in the radial alignment of the hub 19 and rings 26/31. 
Furthermore, of the two sets of dogs 34/24 and 29/22 it is those at the greater radius 
(29/22) which transmit at the low gear ratio and they can readily be designed to have 

1 5 the greater load capacity to match the higher torque required to be transmitted at that 
ratio than the dogs at the smaller radius (34/24) which transmit at the high gear ratio. 

Although the invention has been described above with reference to a mechanism in 
which the gear selector hub operates on the output side of the planetary gear set this 

20 need. not necessarily be the case. For example a mechanism as illustrated in 

Figures 2 to 6 could be operated effectively in reverse where shaft 9 is the input shaft 
and shaft 2 is the output shaft. In this case the selector hub 19 would engage either 
with the sun gear 10 through the dogs 24/34 to drive the shaft 2 at a 1:1 ratio to the 
shaft 9, or with the planet carrier 1 5 through the dogs 22/29 to drive the shaft 2 at an 

25 increased ratio with respect to the shaft 9. 

In other embodiments of the invention different permutations of the elements of a 
planetary gear set may be chosen to be fixed non-rotatably, driven by an input shaft, 
and engageable through dogs with an output shaft. In one such example the 

30 mechanism of Figures 2 to 6 is modified by fixing the planet carrier 1 5 instead of the 
annulus 17, so that the annulus is free to rotate, and instead of the planet carrier the 
annulus is equipped with dogs to engage the selector hub. In this case the shaft 9 
will either be driven from the sun gear at a 1:1 ratio to the shaft 2, or from the annulus 
at a reduced ratio and in the opposite sense of rotation with respect to the shaft 2. 

35 Such a mechanism would therefore be useful for selecting between a forward and a 
reverse gear. 
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In the embodiment of the gear change mechanism illustrated in Figures 2 to 6 and as 
incorporated in the drive configuration of Figure 1 it is sufficient to provide for the 
selection of only two different gear ratios (high and low range) because the electric 
propulsion motors 1a and 1b are themselves capable of generating appropriate 
5 levels of torque over a substantial speed range. In other applications where a 
greater number of gear ratios may be required, however, a plurality of such 
mechanisms could be cascaded in sequence. 
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